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ABSTRACT 
 
Tropical timbers can be produced from natural forests by selection logging with or without 
silvicultural treatment and enrichment planting, from mixed or monospecific plantations of indigenous 
trees, or from exotic monocultures. Other options include uneven-aged plantations and agroforestry. 
These options offer different yields, risks, environmental impacts and habitat quality. Which option 
should be used for timber production? Fast growing plantations on previously cleared and/or 
degraded land are rarely feasible, due to the distribution and price of such land. Landholders should 
be encouraged to rehabilitate land themselves, to establish wood lots and to practise agroforestry. The 
best strategy for the survival of the rainforest, its fauna and flora, may be to increase the value of the 
harvest of timber and non-wood products, thus making-the forest more valuable and worthy of 
conservation in the eyes of local communities. Simple logging bans are rarely effective. Timber 
harvesting alone is not a solution; other forest products can be harvested annually to provide a 
substantial source of revenue. Urgent research needs in many countries include vegetation mapping to 
identify communities under threat, and the rehabilitation of logged forests. Many countries lack the 
silvicultural and management skills to ensure that logging does not lead to degradation; appropriate 
in-service training may overcome this deficiency. Regeneration may be impeded by aggressive vines, 
bamboos and palms, and research into the silviculture and control of these weeds should be a priority. 
Many countries lack the permanent sample plots essential to provide data for sustained yield 
management, and assistance in establishing and maintaining such plots and databases may be 
required. Little information is available to assist in the selection of suitable species for plantation 
establishment. Favouritism is no substitute for species and provenance trials. Little information is 
available regarding the growth of rainforest trees in mixed plantations. Rainforest productivity may be 
increased through better utilisation of timber from felled trees, and harvesting of fruits and 
phytochemicals from standing trees. There is scope for further research in these area. 
INTRODUCTION 
This workshop attempts to focus on the wider and international issues of rainforest research. The 
cessation of rainforest logging in Australia following the recent World Heritage Listing of the Wet 
Tropics of Queensland may have changed research needs locally, but international needs still include 
research into management of rainforests for timber production. 
 
An international perspective suggests very different research needs than a parochial view may suggest. 
As Australians, we are relatively affluent, and can afford to 'lock up' potentially productive forest (but 
note that during 1988/89 Australia imported $250 million of tropical timbers derived from more than 
30 000 ha of rainforest). Many of our tropical neighbours cannot or will not make such a sacrifice. If 
pressure groups are successful in blocking trade in tropical timbers, then some of these nations will find 
alternative uses for their forests. The tiger, rhinoceros, elephant and other large animals in Asia and 
Africa require extensive areas of forest to maintain viable populations. For many plant and animal 
species, a sympathetically logged forest still provides a suitable habitat (McNeely 1989); an exotic 
monoculture (e.g., rubber or oil palm plantation) does not. For the survival of the rainforest, and its 
fauna and flora, the best strategy may well be to find ways to increase the value of the harvest of timber 
and non-wood products, thus making the forest more valuable and worthy of conservation in the eyes 
of local communities. This view is not restricted to foresters and Forest Services; Friends of the Earth 
in the United Kingdom support this philosophy (Thomson 1988), and are in favour of sustainable 
rainforest harvesting, provided that provision is made for adequate regeneration following logging. 
Ecologist Colinvaux (1989) argues that in the Amazon, the only hope for the trees and perhaps other 
plants and insects probably lies in the development of wise uses; ways to generate cash flow from the 
remaining forest that inflict no more disturbance than that to which the rainforest species are 
accustomed to. 
 
Simple bans on logging and clearing of forest may not be effective. In Thailand, recent bans following 
catastrophic landslides (mainly in rubber plantations) have failed to reduce regional deforestation and 
land degradation. Previously, the government supervised the concessionaires, who in turn policed their 
own concessions. Since the logging bans, concessionaires have moved their operations to Burma, Laos 
and Cambodia, and the Thai Government does not have the resources to police the illegal logging 
which has become rife. Much illegal logging involves small trees taken by villagers for domestic 
consumption, but commercial activities also exist. Recently, a Thai sawmiller was convicted of 
possession of $1 million of illegally logged teak (The Nation, Bangkok, Friday 9 March 1990), and 
illegal logging in Malaysia is a multi-million dollar industry involving thousands of hectares (New 
Straits Times, Kuala Lumpur, Thursday 22 March 1990). Theft of trees from Australian national parks 
is also not unknown. Thus the net result is an increase in deforestation and environmental degradation. 
Conservation is not that easy. national parks, logging bans and trade embargoes will not save the 
rainforest. We have to manage it to save it. 
 
The 1985 Tropical Forestry Action Plan of the FAO contends that 7.5 million ha of closed forest and 
3.8 million ha of open forest are cleared in the tropics each year. Globally, the major cause of 
deforestation is shifting cultivation by landless farmers (not traditional forest dwellers) who account for 
nearly half the deforestation. Second is the clearing of forest for permanent agriculture and settlement 
program. The next most important cause is gathering of wood as a source of fuel, whilst commercial 
timber harvesting ranks fourth. I make no claim that timber harvesting is a panacea for all tropical 
deforestation. In many areas, it is one of the primary causes of forest degradation, and it is often the 
instrument, if not the cause, of deforestation. One of the difficulties with timber harvesting is the 
intermittent nature of the harvest (once every 40 years or so), and the investment in equipment which 
restricts these harvests to big business. The salvation of rainforests may lie in the non-wood forest 
products (fruits, phytochemicals, game and other fauna, etc.) which can be harvested annually, or even 
more frequently. For example, the wild illipe nuts (a source of oil similar to cocoa butter) gathered in 
the rainforest by the Orang Ulu in Sarawak may provide their major source of income, more than the 
combined value of all their cash crops (Chin 1985). Harvesting of non-wood forest products need not 
be restricted to developing countries. For example, pine resin is tapped in central and southern Europe, 
maple sugar is tapped in Canada, and pine nuts and cork are harvested in the Mediterranean. Non-wood 
forest products can also be overexploited. The availability of fruits harvested from forests in Peru has 
decreased markedly in recent years, indicating overexploitation (Vasquez & Gentry 1989). Rubber was 
tapped to extinction in its natural habitat in the Amazon, and some coniferous forests in the Philippines 
have been, and continue to be degraded through excessive tapping for resin (Serna 1986). Similarly, the 
indiscriminate removal of paperbark has caused destruction of some Melaleuca swamp forests in south-
eastern Queensland. 
 
Shifting cultivation at subsistence level by forest dwellers is not a major cause of deforestation; the area 
involved is usually small and stable, and the land husbandry sustainable. Problems occur when the area 
cultivated increases due to cash cropping or due to activities of squatters, who may be displaced from 
elsewhere, landless poor, illegal immigrants or simply speculators hoping to gain some free land. 
Dealing with these squatters is one of the most difficult forest management problems in many 
developing countries. Their activities are often not detected until they are well established; authorities 
are loath to grant any form of tenure for fear of promoting further incursions; but moving them on 
merely guarantees further incursions. The best solution is probably to provide some security of tenure 
to localise the problem, and to conduct extension work to promote agroforestry and sustainable land 
husbandry. Clearly, logging bans, trade embargoes and conservation-for-debt swaps will have no effect 
on such squatters; social reform is needed to get these people out of the subsistence economy and into 
the cash economy. Our contribution could be to trade food surpluses for labour intensive goods; this 
may be more effective than conservation-for-debt swaps currently promoted. Population control is also 
required, but will not be achieved whilst the only form of social security for many is their children. 
Table 1- Forest Industry in the ASEAN Region. 
Nation Land 
Area1 
M Ha. 
Forest 
Area 
M Ha. 
Annual 
Deforest 
% 
Forest 
Cover 
% 
Standing 
Volume2 
M m3 
Roundwood 
Production3 
M m3 
Years to 
exhaust 
(assuming 
no growth) 
No. of Logging 
Concessions2 
Major 
Processing 
Plants2 
Nett 
Exports3 
(FAO 1988) 
US$million 
Indonesia 
Malaysia 
Pilippines 
Thailand 
191.9 
32.9 
29.8 
51.3 
143.9 
20.0 
6.5 
14.4 
>.2 
0.2 
0.2 
0.5 
75 
61 
22 
28 
2550 
1150 
640 
550 
158 
38 
36 
37 
16 
30 
18 
15 
538 
1062 
159 
621 
400 
1215 
249 
10085 
1362 
1477 
128 
-170 
1. Mok (1990); 2. Oliva (1988); 3. FAO (1988) 
 
 
The major obstacles to better rainforest management are not silvicultural, but are social, political and 
economic. There is nothing unusual about this; forest. management always has been a compromise 
between conservation, silviculture, politics and economics. Unfortunatel-y and notwithstanding this, 
forest management in many countries is a charade; the reality is rather different from the rhetoric; 
however technology offers the potential to monitor whether performance matches policy. Remote 
sensing systems such as Landsat Thematic Mapper offer a cost effective way for interested parties (e.g., 
Non Government Organizations) to check on forest status, irrespective of national boundaries. Reliable 
independent studies could identify the location and nature of logging and clearing, and relevant 
authorities could be notified and coerced into intervening. 
 
Timber harvesting is big business; the money involved means that logging operations are often 
dominated by economics rather than by silvicultural requirements. Concessionaires with entitlements 
for only a few years have no incentive to consider the sustainability of their operations. Forest Services 
may not have sufficient staff to supervise logging operations. Corruption may be institutionalized, 
forming a useful supplement for underpaid staff. Staff may be honest, aware and concerned, but 
intimidated by the system. Many nations attach considerable importance to 'saving face' and will not 
readily admit that past policies and practices have failed. Unfortunately, some present practices are 
merely 'mining' operations, consuming the resource at a rate which cannot be sustained (Table 1), and 
leaving the forest in a degraded condition. All too quickly, some nations will have no accessible and 
productive forest left. All that will remain will be degraded forest, which may not yield another harvest 
for several decades, possibly centuries. 
 
Some would argue that such 'runway' deforestation enables economic and social reform leading to 
sustainable development. This is a fallacy. Runway deforestation (Burns 1986) is when a nation 
imports logs, does the valueadding processing, and exports the end products (e.g., Colonial empires and 
Japan). Conversely, treadmill deforestation (Burns 1986) is when a nation exports logs, fails to do the 
value-adding, or allows creative transfer pricing. For every runway, there is at least one treadmill. 
 
In Queensland and 'the West', we have a preoccupation with the non-declining flow interpretation of 
sustained yield. Although this is a desirable ideal, non-declining flow is of secondary importance. Of 
primary importance is that logging leaves the forest in good condition; minimising soil compaction, 
disturbance and erosion; creating appropriate canopy openings to favour regrowth of high forest rather 
than bamboo or climber thickets; minimising damage to residual trees to reduce post-felling mortality; 
and taking appropriate measures to obstruct use of logging tracks for unwanted activities. Certainly, if 
the sustained yield is exceeded, the industry and economy will experience a hiccup at some time in the 
future, but as long as harvesting leaves the forest in a 'good' condition, a future harvest can be assured; 
however, there is a danger that when this hiccup occurs, commercial interests will demand continued 
logging regardless. Thus non-declining even flow is a nice solution to the danger of excessive 
exploitation. 
 
In setting the stage for research needs, I have not revealed anything new. All this and more has been 
stated often before (e.g., Roche 1979; Myers 1984; Repetto & Gillis 1988; Westoby 1983, 1987, 1989; 
Anon. 1989), but the situation has not changed: these facts remain. 
 
ALTERNATIVES 
 
Before examining alternative strategies for timber production in the tropics, let's consider some other 
alternatives. Some of you may have seen articles promoting the use of steel as a preferred alternative to 
timber (Stuart 1989). This advice is ill-founded. Used wisely, there is no better alternative than timber. 
It is renewable, natural and biodegradable and is the most energy efficient construction material we 
have (Turner 1989). The carbon in the biosphere cycles naturally, whilst the oceans and fossil fuels are 
great carbon sinks. Timber production from rainforests will not significantly increase atmospheric 
carbon, especially if the timber is put to some durable use. If you are worried about the greenhouse 
effect there is something you personally can do about it Reduce your fossil fuel consumption; take a bus 
(or better still, ride a bicycle) to work and use less electricity (get solar hot water and a gas stove). 
Whilst conversion of rainforest to pasture and agriculture will release some carbon dioxide, the effect is 
smaller than often claimed, and is minor compared with fossil fuel consumption. The big wildcard is 
the carbon cycle in the oceans. So let's try to keep the greenhouse in perspective. 
 
Certainly, not all applications require tropical rainforest timbers. For many uses, plantation conifers 
may be the best alternative, but there will always remain certain uses for which tropical timbers are 
desirable. Of course, there should be a substantial premium for rainforest timbers, to discourage their 
use for trivial applications. But if the premium is too high, the danger of illegal logging is increased. 
 
Tropical timbers can be produced under a wide range of scenarios: 
• selection logging of natural forests; 
• selection logging with silvicultural treatment- (mainly poisoning noncommercial trees); 
• selection logging with silvicultural treatment and enrichment planting; 
• mixed indigenous 'rainforest' plantations; 
• indigenous monocultures; 
• exotic monocultures. 
 
This list is indicative only, intended to show the range of options available, and to show that there is 
not a simple black or white choice. The list does not include options such as clearfelling, unevenaged 
plantations or agroforestry. Obviously, not all of these options are available for bare land; some assume 
an existing forest. 
 
The list is arranged in order of increasing intensity of management and increasing timber production 
(Table 2). It also reflects increasing environmental impact, notably potential for soil erosion and 
problems with pests and diseases (with the possible exceptions of exotics). It also corresponds to 
decreasing habitat quality and a diminishing number of niches for (non-crop) plants and animals. 
Recreation is not influenced greatly, as it is quite localized and can be accommodated, even within 
intensive approaches, by prescriptions modifying management in the vicinity of beauty spots, view 
points, etc. 
 
Table - 2 Timber Production Alternatives for the Tropics. 
-Northern Queensland- 
Species & References 
Sawlog 
Production 
m3/ha/yr 
-Elsewhere- 
Species, Location & Reference 
Sawlog 
Production 
m3/ha/yr 
Natural High Forest 
Selection Logging (11) 
 
0.4 
 
Selection Logging, Suriname (5) 
 
0.3 
„ with Treatment (12) 1.9 Celos System, Suriname (5) 2.0 
„ „ & Enrichment Planting & Tending (1) <2.5 Dipterocarps, peninsula Malaysia (10) 2.2 
Mixed Indigenous Plantations: 
Toona australis & Grevillea robusta (7) 
 
9 † 
 
 
 
 
Indigenous Monocultures: 
Araucaria cunninghamii (4) 
 
15 
 
Dipterocarpus baudii, Malaysia (2) 
 
8.7 
Toona australis (7) 11 † Tectona grandis, India (3) 6 
Flindersia brayleyana (7) 2.3   
Exotic Monocultures: 
Pinus caribaea var. hondurensis (8) 
 
15 
 
Pinus caribaea, Fiji (3) 
 
21 
Khaya nyasica (7) 4.5 Araucaria spp, PNG (3) 20 
  Swietenia macrophylla, Fiji (3) 14 
  Acacia mangium, Malaysia (9) 9 
  Tectona grandis, Tanzania (6) 7 
  Eucalyptus grandis, Aracruz Brazil (3) 35 ‡ 
†  Trial plot on exceptional site, highest recorded productivity. ‡  Pulpwood production not directly comparable 
with sawlog production. N.B. Alternatives are not directly comparable as site quality may differ. 
References: (1) Author's guess; (2) Borhan & Abdul Rahman 1989; (3) Evans 1982; (4) Guidetti 1988; (5) Jonkers 
& Schmidt 1984; (6) Malende & Temu 1990; (7) Qld Dep. for. 1989; (8) Shea 1987; (9) Tang 1988; (10) Thang & 
Yong 1989; (11) Vanclay & Preston 1989; (12) Volck 1975 
So the big question is, which of these options should we use to produce timber in northern Queensland? 
And what should our fellow tropical timber producers do? The glib answer is that we should establish 
'fast growing' plantations on previously cleared and/or degraded land. This is, unfortunately, a dream. 
How much cleared land is available for purchase at a viable price? In large contiguous tracts enabling 
efficient management by industry or Forest Services? The reality is that in Queensland, as elsewhere in 
the tropics, suitable land is just not available at a reasonable price. The compensatory plantations 
program in Malaysia is clearing productive rainforest to establish exotic monocultures (Tang 1988). Is 
that a solution? The tropics contain some 30 million hectares of plantation monocultures, more than 85 
per cent of which comprises only three genera; Eucalyptus, Pinus and Tectona (Evans 1982). Is that 
desirable? 
 
Leslie (1987) contends that management of the tropical moist forest is likely to be a better economic 
and financial proposition than the alternatives, and Dawkins (1988, p.6) argues that `natural 
regeneration methods are safest, and although plantations have occasionally been vindicated, they 
cannot reasonably be compared with natural regeneration until widely applicable success is proved'. 
Perhaps the only option is to encourage private landholders to rehabilitate these areas of degraded land 
themselves, using small wood lots of rainforest species and agroforestry. 'Encourage' means advice, 
assistance and incentives not only to establish trees, but also to maintain and market them. And of 
course, this reiterates the desirability of annual harvests rather than timber harvests sixty or more years 
after planting. 
 
 
EXISTING KNOWLEDGE 
 
Queensland is a leader in tropical rainforest research. Several institutions and many individuals have 
done extensive research into rainforest ecology, silviculture and management. Methods for collection, 
storage and germination of seeds have been well researched and documented. Silviculture of the major 
commercial species has been researched (Nicholson et al. 1983; Nicholson 1985), and more than 100 
trials of 35 rainforest species in plantations have been conducted. Whilst not all of these trials were 
'successful', the reasons contributing to poor survival and/or growth also provide important 
information. Many permanent sample plots record the growth and dynamics of the rainforest under a 
variety of conditions. Much of this research has been summarised by the Queensland Department of 
Forestry (1983), and more recent developments are described by Nicholson et al. (1988). Thus we have 
much of the basic information for rainforest management and for the establishment and maintenance of 
alternatives; however, additional information remains unpublished in the Queensland Forest Service 
and in other institutions, and should be made more readily available. 
 
Mensuration and modelling have also been well researched and documented in Queensland. 
Permanent sample plot and data management procedures are tried and proven (Vanclay 1990a). 
Reliable volume equations are available (Henry 1989). The growth model for the Queensland 
rainforests is state-of-the-art, and has stimulated considerable international interest. Yield prediction 
systems are efficient, and enable managers to concentrate on interpreting results, rather than on getting 
the results (Vanclay & Preston 1989). 
 
 
RESEARCH NEEDS 
 
In the many tropical countries where harvesting causes degradation or is not sustainable, there are two 
urgent research needs. Firstly to complete vegetation type maps and identify communities under threat, 
and to try to ensure their preservation. As it is unlikely that forest policy (and its implementation) in 
these nations can be significantly changed in time to save these forests from overzealous logging; the 
second need is to study regeneration and rehabilitation of (f)logged forests, so that these can quickly be 
restored to productivity and a more diverse forest habitat. 
 
Clearly, forest management in many countries could be improved by implementing existing techniques 
and technology. This may be achieved, in part, by education and training. But scholarships may not be 
the way to achieve this. Too often talented individuals spend too much time abroad, and on their return, 
armed with new technical skills, are promoted to an administrative position. Too often, scholars are 
taught inappropriate skills, fail to grasp essential concepts, and fail to effect any improvement in 
research or management in their organisation - even when they have attended prestigious institutions in 
Australia, Europe or North America. Thus it may be appropriate to assign qualified people to work in 
these countries, training a group of people in various areas of research, management and applied 
technology. The Canadian International Development Agency (CIDA) sponsored the Association of 
South-East Asian Nations (ASEAN) Institute of Forest Management in Malaysia is a good approach, 
but has too many staff who are recent graduates with little experience; the real need is for advisors with 
technical skills coupled with operational and managerial experience (foresters in these countries are 
capable of reading textbooks for themselves). Another need lies in support services, particularly in 
information sciences (libraries and computing). Many tropical countries receive few journals, have 
small reference collections, poor cataloguing, and/or inadequate' facilities, with the result that many 
forest managers and researchers make little use of the published literature. Forest surveyors in some 
countries use solar readings when surveying roads and plantation boundaries, as survey control is 
inadequate and global positioning systems are unknown. Developing nations may seek international 
acclaim by pursuing `novel' research approaches rather than applying existing techniques which offer 
proven results. For example, one institution devotes its entire genetic improvement effort to 
controversial seed irradiation trials rather than the proven approach of propagating and crossing 
superior trees. 
 
Nonetheless, there remains silvicultural, mensuration and harvesting research which could contribute to 
better management of rainforests for timber production. There is little doubt that timber harvesting 
from rainforests can be successfully sustained (Leslie 1987; Wyatt-Smith 1987; Dawkins 1988; 
Vanclay & Preston 1989; Vanclay 1990b). Nicholson et al. (1988) and Crome et al. (1992) have 
considered the effect of logging on various animals, but there remains scope for further studies into the 
impact of the various management options on fauna and the non-arboreal flora. Coordinated research is 
needed to establish optimal management regimes to maximize the total benefits, not just the timber 
production. 
 
Many successful examples of sustained rainforest management may be attributed in part to the absence 
of aggressive vines and climbers, which may elsewhere impede regeneration. In those areas where 
vines are a problem (e.g., Merrimia peltata in several Pacific nations), research into effective control is 
essential. Elsewhere, bamboos and palms may invade following disturbance, leading to a subclimax 
which may never again be productive (Hassan 1980; Ng 1980; Liese 1989). Invasion by vines and 
bamboos leads to a loss of habitat diversity and provides a habitat for fewer fauna (Medway 1970). In 
such areas, research into the silviculture and control of these weeds should be a priority. 
 
Data from permanent sample plots provide the basis for sustained yield management. Without reliable 
data, the sustained yield cannot be determined, but must be guessed. Thus permanent sample plots 
provide the most important information for sustained yield management (but note that the most 
important factor is the political will to manage for sustained yield). Queensland is unique in having 
reliable volume equations and growth models based on an extensive and comprehensive permanent 
sample plot database. Many nations have no such plots, or no reliable data management procedures, 
and thus lack this essential information for rainforest management. No research is required, but 
assistance and training may be necessary for adequate databases to be established. Queensland should 
not discontinue remeasurement of these plots, even though the data may no longer be required for 
timber management. Although primarily intended to provide information for timber production, these 
plots can provide a wealth of other ecological information (R.B. Primack, Boston University, pers. 
comm.). Much of the value of these plots stems from the continuity of prescription and remeasurement, 
and the continuity attained in Queensland during the past 40 years should not be interrupted. 
 
Little information is available to assist in the selection of suitable species for plantation establishment. 
All too often, the choice falls to some old favourite or to the `flavour of the month', often with little 
basis. There are no wonder trees, and the flavour of the month tends to fall from favour over time. The 
great success stories such as Pinus radiata probably owe more to intensive research than to prudent 
selection, and there remain many examples where plantations have failed to meet expectations (e.g., 
Jonkers & Schmidt 1984), however, there are gains to be achieved through careful selection 
accompanied by species and provenance trials. The provision of such information through systems such 
as INSPIRE (Webb et al. 1980), TREDAT (Brown et al. 1989) and BIOCLIM (Booth 1985; Booth et 
al. 1988) should be continued. The 13th Commonwealth Forestry Conference specifically identified the 
need for such databases and nominated the Oxford Forestry Institute to coordinate international efforts 
and minimize duplication (Anon. 1989 recommendation 8). 
 
Information regarding the growth of rainforest trees in mixed species plantations is scarce. Indigenous 
monocultures may suffer insect attack, and mixtures offer potential to overcome this. It is also possible, 
but not documented, that synergistic effects in mixed plantations may, offer greater productivity. Some 
Forest Services may consider mixed plantations impractical, but mixed beech/larch plantations have 
been used in Europe for decades, and larch (which is deciduous) is being used to improve the aesthetics 
of evergreen conifer plantations in Britain. The Earl of Bradford has even experimented with uneven-
aged mixed plantations (Hutt 1974), and there is scope for similar research in the tropics. 
 
An important way to increase rainforest productivity is to increase utilisation, through complete 
utilization of timber from felled trees, and harvesting of fruits and phytochemicals from standing trees. 
Research and promotion can be very effective: during the last decade, rubber wood from senescent 
plantations has changed from being unwanted and unused, to one of Malaysia's most desirable timbers, 
protected by export tariffs and quotas. Although non-wood forest products have been well researched 
and documented in some areas (e.g., Chuntanaparb et al. 1985), there remains scope for further 
research. Research is also required into processing small and irregular size timber. Gains may also be 
achieved by introducing new processing technology to developing countries, and by ensuring adequate 
maintenance of existing equipment. 
 
Queensland has developed sensitive logging guidelines and attained an enviable safety record. In many 
other countries, logging is achieved at a high price in terms of life and limb (e.g., Devaraj 1989), soil 
loss and destruction of regeneration. Operator training and incentives could significantly reduce soil 
disturbance, compaction and erosion, as well as minimizing damage to the residual stand. Again, no 
research is required, but training and assistance in developing safe and environmentally sensitive 
logging practices may be helpful to many nations. The list is of course, incomplete, and could never be 
comprehensive. It makes no attempt to detail all. the research required, but attempts to indicate the 
scope of the problem. The conclusions I have drawn are not dissimilar to other reviews of the same 
subject (e.g., Nair 1987; Whitmore 1987; Soule & Kohn 1988; Anon. 1989; Suwanda 1989). Mok 
(1990) sums up needs with CARE: 
Conservation of natural forests  
Afforestation of degraded areas 
Research and development of appropriate technology 
Extension and training 
 
FUTURE ACTION 
 
One of the aims of this workshop is to formulate the research policy and future direction of rainforest 
research undertaken by ITRS at both postgraduate and postdoctoral levels. The research and training 
needs identified above are rather general, and many needs do not fall within the scope of the Institute; 
however, some specific needs which can be pursued by the Institute can be identified. 
One of the greatest needs is to develop a rational approach for identifying key conservation areas. A 
recent workshop in Manaus, Brazil, attempted to develop a land use zoning for the Amazon based on 
the knowledge of experts, but failed to achieve a workable solution. This parallels our experience with 
northern Queensland: asking recognised experts to identify key areas in their discipline was not a 
viable approach as the union of such areas equalled the universe. Formalising this survey through a 
Delphi approach (e.g., Schuster et al. 1985) failed to provide a better solution. Computer analyses to 
identify the most diverse habitats offered some promise, but the algorithms investigated were 
necessarily subjective. Mackey et al. (1988) have researched computer methods, and emphasise that it 
is important that nature conservation procedures should be explicit and repeatable and should generate 
testable hypotheses. Computer science provides several useful tools (e.g., geographic information 
systems and inference engines), but we need further research into objective algorithms and key 
variables. 
 
Our efforts to utilise the known distributions of plants and animals were somewhat futile, and served 
only to indicate just how little is known of the distribution of fauna and flora. There has been no 
systematic survey of flora; instead herbarium records are based on 'interesting' specimens collected 
with/by visitors or sent to the herbarium for identification. The implication of this is that rare and 
unusual specimens are likely to be overrepresented, and that some sites may acquire an undeserved 
reputation as the only location of rare or otherwise special species. Most studies and collections of 
plants and animals have been made in the more accessible areas, leaving great gaps in our knowledge 
of virgin and undisturbed areas. 
 
Research into the rehabilitation of degraded rainforest is urgently required. Thailand has more than 13 
million ha of tropical forest land suffering from serious erosion (Hurst 1987). Malaysia's second 
national forest inventory acknowledges the existence of more than 2 million ha of degraded rainforest, 
most of which is dominated by useless species of bamboos or bertam palm (Eugeissona triste). 
Elsewhere, large areas of logged forests fail to regenerate because of aggressive vines (e.g., Merrimia 
peltata). Studies into the ecology and control of these and other weeds are an essential prerequisite to 
successful rehabilitation, intervention and prevention. 
Species and provenance trials provide the basis for species selection for plantation programs. But too 
often, Forest Services do not have the time or resources to conduct proper trials, and selection of a 
species is based on inadequate data. Systems such as BIOCLIM (Booth 1985; Booth et al. 1988) and 
TREDAT (Brown et al. 1989) help extrapolate the results of existing trials, but there is scope for 
further research into efficient and objective means for species selection based on results of established 
trials in other locations. 
 
Finally, another important area for research is in collating and documenting existing knowledge. Much 
useful information is not readily available to interested researchers and forest managers in Australia, let 
alone in developing nations with inadequate libraries. This information should be collated and made 
generally available in a clear concise form, as 'How to do it, with examples' manuals rather than 
complex scientific treatises. 
 
When I started preparing this paper, I was full of hope and planned to deliver an optimistic prognosis 
for rainforest management. But the more research, reading and thinking I did, the more complex and 
gloomy the issue became. But there is hope, and the only hope for the rainforest is improved 
management through more research, through more effective technology transfer and through better 
implementation of existing 
knowledge. 
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